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[57] ABSTRACT 

Methods and systems are provided for producing a rotated 
textured tile on a display device. An unrotated textured tile 
is identified. A supertile that contains repeated adjacent 
copies of at least part of the unrotated tile is produced. The 
supertile is rotated through an arbitrary angle. A period in X 
and a period in Y are selected. To select a period, a 
pixel-wide window is moved along the axis, and pixels in 
the window are measured against pixels in a reference 
location until a match of acceptable accuracy is found. If no 
match is found then one or more parameters are perturbed 
and the sliding-comparison process repeats. 

32 Claims, 12 Drawing Sheets 
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TEXTURED TILE ROTATION SYSTEM AND It is often desirable to rotate a texture. For instance, a 

METHOD textured region may be rotated by a graphic designer or by 

FIELD OF THE INVENTION m anmiator * Unfortunately, conventional methods for rotat- 
ing textures have serious drawbacks. 

The present invention relates to computer graphics, and 5 Some caches fail completely to rotate textures. One 

more particularly to seamless tiling using rotated textures. suc h approach simply prevents all rotations. Another 

TECHNICAL BACKGROUND OF THE approach, illustrated in FIGS. 1 and 2, only rotates the 

INVENTION border of a region, without any corresponding rotation of the 

, enclosed texture. FIG. 1 shows a region enclosing a brick 

When creating an image for cbsplay on a computer screen tcxturc; Ba 2 shows tne same rcgior fafter ^ bor 5 cr alone 

or other display, it is often desirable to use a "texture" nas oeen rotated 

(sometimes referred to as a "pattern" or "wallpaper"). For Failurc to rotate lhe tcxture and thc border { ^ ^ 

instance, shapes created in a drawing program on a personal t0 unrealistic images. For example, suppose an animation 

computer or workstation may be filled with textures that displays a cart carrying a load of bricks, with the load 

depict bricks, waves, scales, or other images. Likewise, defined as a region containing a brick-pattern texture. As the 

many personal computers display a textured desktop as the 15 cart begins climbing a hill, the outline of the bricks will 

default background screen. rota te but the lines depicting individual bricks will not. Hiis 

To reduce the storage space required when using textures, approach is relatively easy to implement, but often unsatis- 

and to make the application of textures to objects faster, factory. Viewers expect entire objects to rotate, not just their 

textures may be "tiled." Tiling includes taking a defined 2Q borders. Nonetheless, this method is used by drawing rou- 

texture region (known as a "tile") such as a textured tines in currently popular computer programs, 

rectangle, and stamping out repeated adjacent copies of the A slightly better method is shown in FIGS. 3, 4, and 5. 

tile to cover a surface region. Tiling is preferably "seamless" This approach rotates the texture by building and rotating a 

in that the borders between tiles are difficult or impossible to texture rectangle large enough to cover the entire rotated 

see. Copies of a tile can be placed on a computer display region. For clarity of illustration, a visual checkerboard 

very rapidly, and a single copy of a tile often fits in a small texture is used, but the methods described also apply to other 

piece of computer memory. textures. First, the size of an unrotated region border 300 is 

Textures come in many varieties, including without limi- measured in the X and Y directions, as shown in FIG. 3, 

tation visual textures, bump maps, and masks. ^Visual tex- Then a small texture tile (containing a texture that has not 

tures contain pixel values which are displayed directly on a 3Q been rotated) is used to create a texture rectangle 302 large 

screen. Screen backgrounds and fill patterns in drawing enough to cover the rotated region after the rectangle 302 is 

programs are some of the many examples of visual textures. itself rotated. 

Bump maps help distort the smooth surface of an object As shown in FIG. 4, the region border 300 is rotated to 

with apparent bumps or ripples. Bump maps may be used to obtain a rotated border 400. In addition, the entire texture 

efficiently produce a surface that appears three-dimensional 35 rectangle 302 is rotated to produce a rotated rectangle 402. 

but is actually modeled internally in a simpler two- Rotation of the entire texture rectangle 302 to obtain the 

dimensional form. One type of bump map produces a pebbly rectangle 402 may include significant computational effort, 

surface, another type gives a cloth-like appearance, and Finally, the rotated texture rectangle 402 is clipped. That is, 

there are many others as well. portions of the rectangle 402 outside the rotated border 400 

A mask is a region with "holes" that specify which pixels 40 are discarded, producing the result shown in FIG. 5. This 

will be drawn and which will be suppressed or altered. A approach succeeds in seamlessly texturing an arbitrarily - 

mask may be used when drawing one object behind another sized rotated region only at the cost of creating, and then 

object, so the apparently closer object hides the apparently rotating, each and every pixel in the oversize rotated tex- 

distant one. A mask can also be used to composite an image tured region, including many pixels that are clipped off and 

of a meteorologist over an image of a weather map to make 45 thus never really needed, 

it appear as though the meteorologist is standing in front of Another method is shown in FIGS. 6 through 9. This 

a large weather map when, in fact, the meteorologist is approach rotates a relatively small original texture tile 600 

standing in front of a large blue screen and the map is on a to produce a rotated tile 700 and then cuts an even smaller 

standard video monitor. subtile 800 out of the rotated tile 700, The subtile 800 has 

Each type of texture may be either bit-mapped or proce- 50 vertically and horizontally aligned borders to facilitate 

dural. Bit-mapped textures store the value of each pixel of stamping, clipping, and other computer graphics operations, 

a given tile. Bit-mapped textures thus require an amount of Copies of the rotated subtile 800 are used to fill a rotated 

storage that increases each time additional pixels are added. region border 902. A benefit of this approach is that many 

By contrast, procedural textures define pixel values accord- fewer computations are needed to rotate the texture, and 

ing to a formula, which may include a random element. 55 fewer pixels are typically discarded when the texture is 

Bitmaps are useful when a formula defining pixel values clipped to lie within the rotated border, 

is unknown or does not exist. For example, a texture Unfortunately, a subtile cut in this way from within the 

representing the Mona Lisa would be bit-mapped. Bitmaps rotated texture tile will often not seamlessly tile a region, 

may also be used when the time needed to calculate pixel That is, the tile boundaries will be apparent (as shown at 904 

values with a formula is too great. Procedural textures are 60 in FIG. 9) because pixel values do not vary across the border 

sometimes preferred because they require less space than between two copies of the rotated subtile 800 in the same 

bitmaps. Bump maps are often procedural, using formulas to way that pixel values vary across the border of adjacent 

define distortions that resemble three-dimensional textures copies of the original unrotated tile 600. 

such as cloth or leather. The storage required by a procedural Thus, it would be an improvement in the art to provide a 

texture is generally independent of the number of pixels 65 method which, given a texture tile and a region defined by 

defined, since a formula is used rather than individual pixel a border, produces a relatively small tile that contains the 

values. rotated texture and will seamlessly tile the region. 
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It would be a further advance if the method were useful FIG. 2 shows the result of a conventional method which 

with both bit-mapped and procedural textures, and with rotates only the border of the region shown in FIG. 1. 

different varieties of texture such as visual textures, bump piG. 3 shows a region border superimposed on a conven- 

maps, and masks. tional texture rectangle that was created by stamping out 

Such a method and system for texture rotation and seam- * copies of an unrotated texture tile, 

less tiling are disclosed and claimed herein. FIG. 4 shows a rotated region border and a rotated texture 

BRIEF SUMMARY OF THE INVENTION rectangle that were produced by conventional rotation of the 

border and rectangle of FIG. 3. 

Methods and systems are provided for producing a rotated FIG 5 shows me result after a conventional cli p pin g 

textured tile on a display device using a technique that » operation on the rotated texture rectangle and rotated region 

conserves computer resources such as computational cycles border of FIG 4 

and memory space. According to one method of the , , , , , , t fc 

' > 4 j i . j * "j A a FIG. 6 shows a conventional unrotated texture tile, 
mvention, an unrotated textured tile is identified. A supertile 

that contains repeated adjacent copies of at least part of the FIG * 7 shows a rotatcd tcxturc ®& produced by conven- 

unrotated tile is produced. The supertile is rotated through a 15 tional rotation of the tile shown in FIG. 6. 

desired angle. A "period" in X and a possibly different FIG, 8 shows a vertically and horizontally aligned subtile 

"period" in Y are selected, and are then used to define a being cut by a conventional method from the rotated texture 

subtile of the rotated supertile which will provide a specified tile of FIG. 7. 

degree of seamless tiling. FIG. 9 shows a seam produced when the subtile of FIG. 

One method for selecting a period slides a long, narrow 20 8 is used to fill a region, 

window along an axis, starting at an initial offset from one FIG. 10 is a diagram illustrating computers which may be 

end of the rotated supertile's intersection with the axis, and use d individually or in a combined system to perform 

moving to successive positions one slide increment at a time texture rotation and other computer graphics operations 

until a chosen metric determines that the pixels under the according to the present invention. 



FIG. 11 is a flowchart illustrating a method of the present 



window's current location differ from those at a reference 

position by less than a specified tolerance. The metric invention" 

measures the difference in appearance for visual textures, ^„ , , 

j 1 tu: c *u * 1C iL Flu. 12 shows an unrotated texture tile suitable for use 

and measures analogous qualities of other textures. If the ^ . 

"seamlessness" difference measured by the metric is small Wlth tne P resent invention. 

enough, then the distance in pixels traveled by the window 30 FIG - 13 shows a supertile created from the tile of FIG. 12 

from the reference position is the period. If no match is according to the invention. 

found by the time the window reaches the opposite side of FIG. 14 shows a rotated supertile created from the super- 

the rotated supertile, then one or more modifications are tile of FIG. 13 according to the invention. 

made and the process repeats until a period is determined. FIG. 15 is a flowchart further illustrating the selection of 

Modifications may perturb the rotational orientation of the periods according to the present invention. 

rotated supertile, change the tolerance, enlarge the supertile, FIG. 16 shows a window in a reference position along an 

change sampling or interpolation techniques, or make other axis of a rQtatcd supertile 

changes to the rotated supertile, the window, or the metric. _ rr , • 

* , . , , , - ' . . . FIG. 17 shows the wmdow of FIG. 16 at an initial offset 

When the period has been found in one axis the process ^ Uion . the axifi 

is repeated in the other axis. When the period has been found „ n t t . , _ _ , 

in both axes the least common multiple of the two periods u F f G }* s ^ ws ' the ™ dow of HG - 17 ^positioned from 

is calculated. Then a textured tile with an X-length and a the imtial ofeet b ? a shde increment. 

Y-length of the least common multiple is produced. This FIG - i9 indicates the correspondence between pixels in 

seamlessly tiling rotated texture or a portion thereof is then 45 the FIG. 16 reference position of the window and pixels in 

displayed on a computer display. the position shown in FIG. 18. 

Unlike conventional methods the present invention does DETAILED DESCRIPTION OF THE 

not require calculation and rotation of every pixel in the PREFERRED EMBODIMENTS 
supertile. Only pixels along the axes (and pixels used to 

produce axis pixels by interpolation), and pixels in the final 50 The present invention relates to a method and apparatus 

rotated tile defined by the periods must be obtained and for seamlessly tiling a rotated texture on a computer. The 

rotated. This is generally a small fraction of the total number computer may be part of a computer network, an embedded 

of pixels in the supertile. Use of the invention can provide system, or another computer system. Computers which may 

substantially faster texture rotation and reduced storage be configured according to the invention include 

requirements. Other features and advantages of the present 55 mainframes, and computers on local networks, wide area 

invention will become more fully apparent through the networks, and/or the Internet. "Internet" as used herein 

following description. includes variations such as a private Internet, a secure 

rmrnt: nccpDiDTiAM ™ TO r; ™ awtmi~c Internet, a portion of the Internet such as the World Wide 

BRIEF DESCRIPTION OF THE DRAWINGS Web> a value . added network? a virtual private network) or m 

To illustrate the manner in which the advantages and eo intranet. The computers connected by the network may be 

features of the invention are obtained, a more particular workstations, laptop computers, disconnectable mobile 

description of the invention will be given with reference to computers, file servers, or a combination thereof. The net- 

the attached drawings. These drawings only illustrate work may include one or more LANs, wide-area networks, 

selected aspects of the invention and thus do not limit the Internet servers and clients, intranet servers and clients, or a 

invention's scope. In the drawings: 65 combination thereof. 

FIG. 1 shows a region defined by a border surrounding a One of the many computer networked systems suited for 

visual texture. use with the present invention is indicated generally at 1000 
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in FIG. 10. In one embodiment, the system 1000 includes system such as the system 1000 (FIG. 10) or the individual 
Novell NetWare® network operating system software computers 1006, 1010, 1012, 1014, 1016, using a combi- 
(NETWARE is a registered trademark of Novell, Inc.). In nation of computer hardware and software. Suitable soft- 
alternative embodiments, the system 1000 includes NetWare ware is readily provided by those of skill in the art using the 
Connect Services, VINES, Windows NT, Windows 95, LAN 5 teachings presented here and programming languages such 
Manager, or LANtastic network operating system software as Java, Pascal, C++, C, assembly, firmware, microcode, 
(VINES is a trademark of Banyan Systems; NT, WINDOWS and/or other languages. 

95, and LAN MANAGER are trademarks of Microsoft One method of the current invention for seamlessly tiling 

Corporation; LANTASTIC is a trademark of Artisoft). The a rotated texture is illustrated generally in FIGS. 11-14. 

system 1000 may include a local area network 1002 which 10 During an obtaining step 1102, an unrotated textured tile is 

is connectable to other networks 1004, including other identified. Suitable textures include visual textures, bump 

LANs or portions of the Internet or an intranet, through a ma p S , masks, bitmap textures, procedural textures and other 

gateway or similar mechanism. Stand-alone computers, or textures familiar to those of skill in the art. The texture may 

computers comprising a mainframe with either smart or be obtained from a wide variety of sources, including 

dumb terminals, may also be used. 15 without limitation: generating the texture using a formula, 

The system 1000 includes several file servers 1006 that pulling it from memory, obtaining it from an outside vendor, 

are connected by network signal lines 1008 to one or more pulling it off the Internet, digitizing an image, and so on. 

network clients 1010. The file servers 1006 and network Although texture tiling is often done in gray-scale, the 

clients 1010 may be configured individually or in combina- present invention may also be used to manipulate multidi- 

tion by those of skill in the art in a wide variety of ways to 20 mensional or color textures. Moreover, the invention may be 

operate according to the present invention. The file servers used with either static or animated images. Indeed, the 

1006 may be configured as Internet servers, as intranet benefits may be greater with animation, because problems 

servers, as directory service providers or name servers, as associated with rotating textures tend to be more pronounced 

software component servers, distributed memory or process- in animation; rapid computation and compact storage are 

ing unit, or as a combination thereof. The servers 1006 may 25 often important when producing a rapid succession of 

be uniprocessor or multiprocessor machines. The servers images. 

1006 and clients 1010 each include an addressable storage p or purp oses of illustration, assume that the obtained 

medium such as random access memory and/or a non- textured tile is the two-by-two checkerboard tile 1200 shown 

volatile storage medium such as a magnetic or optical disk. ^ FIG . 12 . The tile 1200 has an initial rotation indicated in 

Suitable network clients 1010 include, without limitation, 30 FIG. 12 as 0 (theta), and a length along each of two axes, as 

personal computers 1012, laptops 1014, workstations 1016, indicated by the letters "X" and "Y". For convenience, theta 

and dumb terminals. The signal lines 1008 may include may be treated as a baseline orientation which represents a 

twisted pair, coaxial, or optical fiber cables, telephone lines, rotation of zero units (degrees, radians, . . . ). Although the 

satellites, microwave relays, modulated AC power lines, and standard right-angled X-axis and Y-axis will typically be 

other data transmission "wires" known to those of skill in the 35 used, other independent (non-collinear and/or non-planar) 

art. In addition to the network client computers 1010, a axes may also be used according to the invention, 

printer 1018 and an array of disks 1020 are also part of the During a creating step 1104, at least a portion of a rotated 

illustrated system 1000. supertile 1400 (FIG. 14) is produced from the tile 1200. A 

A given computer may function both as a client 1010 and ^ supertile 1300 (FIG. 13), or at least the necessary portion 

as a server 1006; this may occur, for instance, on computers thereof, may be readily produced by stamping out repeated 

running Microsoft Windows NT software or in peer-to-peer adjacent copies of the tile 1200. One method generates a 

networks. Although particular individual and network com- supertile 1300 containing one copy of the entire tile 1200 for 

puter systems and components are shown, those of skill in each pixel in the tile 1200. Other methods may also be used, 

the art will appreciate that the present invention also works 45 including iterative methods that produce a succession of 

with a variety of other networks and computers. supertiles 1300 until one is satisfactory. The necessary 

The file servers 1006 and the network clients 1010 are portion of the supertile 1300 is that portion which will lie on 

capable of using floppy drives, tape drives, optical drives or me axes shown in FIG. 14. At least this necessary portion of 

other means to read a storage medium 1022. A suitable tne supertile 1300 is then rotated through an angle A (delta), 

storage medium 1022 includes a magnetic, optical, or other 50 producing at least the necessary portion of the rotated 

computer-readable storage device having a specific physical supertile 1400. 

substrate configuration. Suitable storage devices include Advantageously, although the present invention may use 

floppy disks, hard disks, tape, CD-ROMs, PROMs, RAM, the entire supertile 1300 and the entire rotated supertile 

and other computer system storage devices. The substrate 1400, it need not do so. Significant computation may be 

configuration represents data and instructions which cause 55 avoided by only computing the necessary portions of the 

the computer system to operate in a specific and predefined supertiles 1300, 1400, namely, those portions which are 

manner as described herein. Thus, the medium 1022 tangi- needed to find the values of pixels in the rotated supertile 

bly embodies a program, functions, and/or instructions that 1400 that lie on the X-axis and Y-axis in FIG. 14. 

are executable by the file servers 1006 and/or network client Returning to FIG. 11, an X-period and a Y-period are 

computers 1010 to perform texture tile rotation and usage 60 selected during a selecting step 1106. The X-period repre- 

steps of the present invention substantially as described sents the distance along the X-axis in FIG. 14 after which 

herein, values of the necessary portion of the rotated supertile 1400 

As noted above, methods currently used to tile rotated begin to repeat; the Y-period represents a similar distance 

regions have serious drawbacks. To overcome limitations along the Y-axis. In general, the periods are not exact, in that 

imposed by conventional rotation and tiling methods, the 65 the repetition of pixel values may be approximate. However, 

present invention provides methods to rotate and seamlessly the invention provides several steps for measuring the 

tile a texture. The methods may be embodied in any suitable sufficiency of a candidate period and for improving the 
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accuracy of a period to provide better seamlessness. Period 
selection is discussed in more detail in connection with 
FIGS. 15 through 19. 

During a producing step 1108, a rotated textured tile is 
generated using the X-period, the Y-period, and a portion of 
the rotated supertile 1400. Like the original unrotated tile 
1200, the rotated textured tile is aligned at a rotation of theta 
units to facilitate stamping, clipping, texture mapping, and 
other computer graphics operations. Like the unrotated tile 
1200, the rotated textured tile tends to be much smaller than 
large screen regions such as the desktop. The rotated tex- 
tured tile also permits seamless tiling, at least to the degree 
of accuracy of the selected X-period and Y-period. Unlike 
the original unrotated tile 1200, however, the rotated tex- 
tured tile contains a texture which has been rotated an 
additional delta units. The producing step 1108 is described 
in greater detail below. 

During a step 1U0 at least a portion of the rotated textured 
tile is displayed or otherwise used. The texture can be 
displayed or used in any of a variety of ways, including 
without limitation: storing the texture on disk, transmitting 
a file containing the texture across a network, displaying the 
texture on a computer screen, or storing the texture in local 
memory for later display or use in computer graphics 
operations. 

FIG. 15 illustrates in greater detail one approach to the 
period selecting step 1106 of FIG. 11. In many cases, a 
period will be selected along each of two independent axes, 
and the rotated texture tile produced by the invention will be 
smaller in both directions than the desktop or other display 
region. However, the invention may also be used to select a 
period along only one axis. For instance, the user may wish 
to stamp out a single row (or column) of long narrow tiles, 
making seamlessness an issue in only one direction. In this 
case, the dimension of the desktop or other region along the 
other axis may be selected as a default period during a step 
1502. The period along the other axis is then determined 
using the steps that begin at step 1504. If step 1502 is not 
used, both periods are determined by successive passes 
through the steps beginning at step 1504. 

During the pixel obtaining step 1504, pixel values along 
a selected axis (typically the X-axis or Y-axis) in the 
necessary portion of the rotated supertile 1400 are obtained 
by reading from a bitmap, invoking a procedural texture 
definition, scanning an image, or other means. It may happen 
that no single pixel value in the rotated supertile 1400 lies 
exactly on the desired sample point along the axis. However, 
familiar interpolation techniques may be used during an 
interpolating step 1506. Accordingly, interpolation may 
expand the necessary portion of the rotated supertile 1400 
beyond the portion that lies exactly on the chosen axes, with 
a corresponding expansion of the necessary portion of the 
unrotated supertile 1300. 

Once pixel values along the axis are retrieved or 
calculated, an identifying step 1508 identifies a window 
whose position defines a set of reference pixels. Under one 
approach, the window is one pixel high and N pixels wide, 
where N is the number of pixels between the left edge 1402 
(FIG. 14) and the origin 1404 of the rotated supertile 1400 
along the axis. Although the window is one pixel high, the 
value of a given pixel in the window may reflect, through 
interpolation, the values of pixels above and below the axis. 
Of course, the reference position of the window could also 
be at the far right edge instead of the far left edge. Similar 
choices are available for the reference position of a window 
along the Y-axis when selecting the Y-period. 
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The pixels within the window at this reference position 
will be used as a reference as the window is repeatedly 
repositioned along the axis. The pixel values in the window 
at each successive position are compared with the reference 

5 pixels, either one-to-one or as a group, to locate the position 
of the window that gives the best fit in terms of seamless- 
ness. In this way the period selecting step 1106 selects a 
period for each axis, with each period corresponding to the 
distance in pixels along the axis between the reference and 

1Q best fit window positions. 

Window and best fit criteria may be embedded in the 
software as defaults or read from configuration files at 
program start-up during a step 1510. Alternatively, the step 
1510 may permit window and best fit criteria to be selected 

15 interactively by a user, or to be selected internally by 
software, after start-up. This allows the user or the software 
to search for an acceptable period accuracy by trying various 
window and best fit criteria. 
The window and best fit criteria are selected implicitly or 

20 expressly during steps 1512 through 1520. During a toler- 
ance choosing step 1512, a numeric tolerance is chosen. The 
tolerance will be used to determine if a pixel (or set of 
pixels) in the repositioned window are sufficiently close in 
value to the corresponding pixel (or set of pixels) in the 

25 reference. The smaller the tolerance, the more exactness is 
required for a seamless match. As one of skill in the art will 
understand, the nature of computer calculations is such that 
a tolerance of zero will rarely yield a match. Those of skill 
will readily identify a suitable range of tolerances for a given 

30 system, understanding that the tolerances will depend at 
least on the accuracy of numeric representations in the 
system, the degree of seamlessness required, the available 
computing time, and the available computing resources. 
During a metric choosing step 1514, a metric for mea- 

35 suring the difference between pixels is chosen. One metric 
forms the difference between each pair of corresponding 
pixels (one pixel in the repositioned window and one 
reference pixel) and finds a best fit if the absolute value of 
every such difference at a given window location does not 

40 exceed the tolerance selected during step 1512, Another 
metric tests the absolute value of the difference of the 
squares of the pixels against the tolerance. Other metrics 
sum the differences (of pixels, or squares of pixels) and 
compare the sum to the tolerance. Still other metrics use a 

45 simple difference or difference of squares to form a function 
of the distance between the reference pixels and the pixels 
within the window's current position, and then function as 
a minimum-locating metric by seeking a minimum value of 
the function using familiar numerical analysis techniques. 

50 During an offset choosing step 1516, a non-zero initial 
offset is chosen. This offset represents the distance between 
the initial (reference) position of the window and the next 
window position. The first test for a best fit is made by 
comparing pixels at the offset window position with pixels 

55 at the reference window position. The offset is preferably 
small relative to the window width N. Under one approach, 
the offset is one pixel; under another, the offset is one 
sampling increment. 

During a slide increment choosing step 1518, a non-zero 

60 slide increment is chosen. This slide increment represents 
the distance between the offset position of the window and 
each successive position of the window until a period is 
selected or the window and best fit criteria are adjusted. The 
slide increment is preferably small relative to the window 

65 width N. Under one approach, the slide increment is one 
pixel; under another, the slide increment is one sampling 
increment. 
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The sampling increment is chosen during a step 1520. rotated textured tile must be rectangular but need not be 

This is the distance between pixels within the window for square, then the tile is a rectangle of dimension X-period by 

purposes of applying the metric. For instance, if the sam- Y-period cut from the rotated supertile 1400 at coordinates 

pling increment is three and the metric is a simple difference, defined by the window positions that gave rise to the 

then every third pixel in the repositioned window will be 5 periods. If a square rotated textured tile is required, then 

compared with its corresponding reference pixel and a best eacn of lhe ^ c ' s sides has a len g tn e qual to the Least 

fit will be found if each such pair of pixels differs by no more Common Multiple (LCM) of the selected periods. If the 

than the tolerance. LCM is too large, then the options described in connection 

^ . ..." . . .. . . . with steps 1530 and 1532 may be pursued until periods 

During a posmomng step 1522, the window is reposi- which ive rise t0 m acceptabl £ m & lc M are J^ted. 

honed along the axis. If the last pontoon was the reference io , n gu ^ ^ 

position then the repositioning will place the window at the method for producm roUted texture F tiles that ^ ve hod . 

initial offset. Otherwise, the position will move the window and vertical sides ^ wiU ^ seamlesslv . Control is 

from its previous position by a slide increment number of provided over the degree of seamlessness produced, 

pixels. During a comparing step 1524, the window pixel Depending on the circumstances, the present invention may 

values at the new position are compared with corresponding 15 substantially reduce the amount of calculation required to 

reference pixel values, using the sampling increment, realistically texture a rotated region, by avoiding calcula- 

metric, and tolerance to measure the "distance" in appear- tions and rotations that are performed under other 

ance or an analogous aspect of seamlessness between pixels approaches. 

at the two locations. Articles of manufacture within the scope of the present 

If the measured distance in seamlessness is less than the invention include a computer-readable storage medium in 

tolerance, then the distance in pixels between the reference combination with the specific physical configuration of a 

position and the current position is selected as the period substrate of the computer-readable storage medium. The 

during a step 1526. For instance, if the left edge of the substrate configuration represents data and instructions 

window is twelve pixels away from the left edge 1402 of the which cause the computers to operate in a specific and 

reference window position, then the X-period is twelve. If a 25 predefined manner as described herein. Suitable storage 

period has not already been selected for the other axis, then devices include floppy disks, hard disks, tape, CD-ROMs, 

a repeating step 1528 is performed. The step 1528 may RAM, and other media readable by one or more of the 

include the step 1502, or it may include some or all of the computers. Each such medium tangibly embodies a 

steps 1504 through 1524, 1530, and 1532. The same window program, functions, and/or instructions that are executable 

and best fit criteria may be used for both axes, but different by the machines to perform textured tile rotation and other 

criteria may also be used on each axis. operations according to the present invention. 

If the window travels along the axis completely across the Those of skill will appreciate that steps in methods of the 

rotated supertile 1400 and no acceptable period is found, invention may be omitted, performed in a different order, or 

changes are made and some or all of the steps 1504 are 35 performed concurrently, subject to the requirement that 

repeated during a step 1530 and/or a step 1532. As indicated claimed steps cannot be omitted for purposes of literal 

in FIG. 15, the step 1530 may include changing the infringement analysis, and that steps which depend on the 

tolerance, the metric, the initial window offset, the window results of other steps must be performed only after the 

slide increment, and/or the window sampling increment and required results are available. 

then repeating the position/compare cycle until either a ^ Those of skill in the art will also recognize that an 

period is selected or the process once again runs out of embodiment of the present invention need not include all 

window positions or some other constraint (e.g., low parts of the architecture described above. The invention may 

memory) mars comparison of corresponding pixel values. De embodied in other specific forms without departing from 

The step 1532 may include perturbing the rotational orien- its spirit or essential aspects. The described embodiments are 

tation (theta plus delta) of the rotated supertile 1400 by a 4S to be considered in all respects only as illustrative and not 

small amount and then repeating steps 1504 onward. restrictive. Any explanations provided herein of the scien- 

Altematively, the step 1532 may involve repeating the step tific principles employed in the present invention are illus- 

1104 to generate a larger rotated supertile and then repeating trative only. The scope of the invention is, therefore, indi- 

steps 1504 onward. cated by the appended claims rather than by the foregoing 

FIGS. 16 through 21 further illustrate step 1106. FIG. 16 50 description. All changes which come within the meaning 

shows a row of pixels 1600 obtained during step 1504 and and range of equivalency of the claims are to be embraced 

a window in the reference position 1602. FIG. 17 shows the within their scope. 

window in an offset position 1702, offset from the reference What is claimed and desired to be secured by patent is: 

position by an initial offset 1704. FIG. 18 shows the window 1. A method for producing a rotated textured tile, com- 

after the positioning step 1522 is repeated, in a new position 55 prising the computer-implemented steps of: 

1802 that differs from the position 1702 by a slide increment obtaining an initial textured tile from a memory, the initial 

1804. textured tile having a length along a selected axis and 

FIG. 19 indicates the correspondence between pixels in a rotational orientation; 

the reference window 1602 and pixels in the repositioned creating in memory a rotated supertile that contains 

window 1802 for purposes of using the metric to measure 60 repeated adjacent copies of at least part of the initial 

the difference in seamlessness. For clarity of illustration, textured tile, the rotated supertile having a rotational 

only three pairs of pixels are identified, but it will be orientation which differs from the rotational orientation 

understood that "corresponding" pixels are pixels which of the initial textured tile by an arbitrary amount; 

correspond in position relative to the boundaries of the selecting a period within the rotated supertile using a 

respective windows 1602, 1802. 65 processor, the period indicating the size of a repeated 

Once the periods of the axes are selected, the rotated texture pattern in the rotated supertile along the 

textured tile is formed during the step 1108 (FIG. U). If the selected axis; and 
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using the selected period to produce the rotated textured 
tile in memory. 

2. The method of claim 1, further comprising the step of 
displaying at least a portion of the rotated textured tile on a 
display device. 

3. The method of claim 1, wherein the step of selecting a 
period further comprises the computer-implemented step of 
obtaining pixel values in the rotated supertile along the 
selected axis. 

4. The method of claim 3, wherein the obtaining step 
comprises interpolating between pixel values. 

5. The method of claim 3, wherein the step of selecting a 
period further comprises the computer-implemented steps 
of: 

(a) creating a window containing a copy of the obtained 
pixel values; 

(b) choosing a tolerance; 

(c) choosing a nonzero initial offset; 

(d) choosing a slide increment; 

(e) positioning the window along the selected axis with an 
end of the window located at the initial offset from an 
edge of the rotated supertile; 

(f) comparing the window pixel values at positions sepa- 
rated by the slide increment to the supertile pixel values 
at corresponding reference positions to determine 
whether all pairs of compared pixel values differ by 
more than the tolerance and then performing whichever 
of step (g) and step (h) applies in response to the 
determination; 

(g) if no pair of compared pixel values differs by more 
than the tolerance, then selecting the distance traveled 
by the window from the edge of the rotated supertile as 
the period; and 

(h) if at least one pair of compared pixel values differs by 
more than the tolerance, then sliding the window along 
the selected axis by the slide increment and repeating 
step (f) and its successor steps until step (g) is per- 
formed or the sliding step results in a window position 
which mars comparison of corresponding pixel values. 

6. The method of claim 5, wherein the window has a 
length which is at least the length of the initial textured tile 
along the selected axis. 

7. The method of claim 5, wherein the window has a 
length which is an integer multiple of the length of the initial 
textured tile along the selected axis. 

8. The method of claim 1, wherein the selecting step 
comprises perturbing the rotational orientation of the rotated 
supertile and then selecting a period within the perturbed 
rotated supertile. 

9. A method for producing a rotated textured tile, the 
method comprising the computer-implemented steps of: 

obtaining an initial textured tile from a memory, the initial 
textured tile having a length along an X-axis, a length 
along a Y-axis, and a rotational orientation; 

creating in memory a rotated supertile that contains 
repeated adjacent copies of at least part of the initial 
textured tile, the rotated supertile having a rotational 
orientation which differs from the rotational orientation 
of the initial textured tile by an arbitrary amount; 

selecting an X-period within the rotated supertile using a 
processor, the X-period indicating the size of a repeated 
texture pattern in the rotated supertile along the X-axis; 

selecting a Y-period within the rotated supertile using a 
processor, the Y-period indicating the size of a repeated 
texture pattern in the rotated supertile along the Y-axis; 
and 
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using the X-period and the Y-period to produce the rotated 
textured tile in memory. 

10. The method of claim 9, further comprising the 
computer-implemented steps of cropping the rotated tex- 

5 hired tile and then displaying the cropped rotated textured 
tile on a display device. 

11. The method of claim 9, further comprising the 
computer-implemented step of displaying a plurality of 
copies of the rotated textured tile on a display device. 

10 12. The method of claim 9, wherein the creating step 
creates a rotated supertile from four quadrants which are 
joined by two orthogonal axes. 

13. Hie method of claim 12, wherein each quadrant in the 
rotated supertile contains a square integer number of adja- 

15 cent rotated copies of the initial textured tile. 

14. The method of claim 9, wherein the step of selecting 
an X-period further comprises the computer-implemented 
steps of: 

(a) creating a window containing a copy of a plurality of 
20 pixel values of the rotated supertile along the X-axis; 

(b) choosing an X-tolerance; 

(c) choosing an X-axis slide increment; 

(d) choosing a nonzero X-axis initial offset; 

25 (e) positioning the window along the X-axis with an end 
of the window located at the initial offset from an edge 
of the rotated supertile; 
(f) comparing the window pixel values at positions sepa- 
rated by the slide increment to the supertile pixel values 

30 at corresponding reference positions to determine 
whether all pairs of compared pixel values differ by 
more than the tolerance and then performing whichever 
of step (g) and step (h) applies in response to the 
determination; 

35 (g) if no pair of compared pixel values differs by more 
than the tolerance, then selecting the distance traveled 
by the window from the reference position as the 
period; and 

(h) if at least one pair of compared pixel values differs by 
40 more than the tolerance, then sliding the window along 
the X-axis by the X-axis slide increment and repeating 
step (f) and its successor steps until step (g) is per- 
formed or the sliding step results in a window position 
which mars comparison of corresponding pixel values; 
45 and wherein the step of selecting a Y-period further 
comprises steps corresponding to steps (a) through (h) 
but utilizing the Y-axis rather than the X-axis. 

15. The method of claim 9, wherein the rotated textured 
tile is a square subtile of the rotated supertile. 

16. The method of claim 15, wherein the using step 
further comprises finding the least common multiple of the 
X-period and the Y-period and the rotated textured tile has 
the least common multiple number of pixels along each side. 

17. The method of claim 16, further comprising the 
55 computer-implemented steps of: 

choosing a maximum dimension for the rotated textured 
tile; 

determining that the least common multiple of the 
gQ X-period and the Y-period exceeds the maximum 
dimension; 
perturbing a parameter; and 

repeating the selecting steps until the least common 
multiple of the X-period and the Y-period does not 
65 exceed the maximum dimension. 

18. The method of claim 17, wherein the perturbing step 
perturbs the rotational orientation of the rotated supertile. 
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19. The method of claim 17, wherein the perturbing step 26. The system of claim 24, wherein the means for 
perturbs a tolerance used to determine whether pairs of selecting and applying window and best fit criteria include 
compared pixel values differ when performing at least one of choosing and applying a least squares metric to compare 
the selecting steps currcnt pixcls with rcfcrcnce pixcls . 

20. A system for texture manipulation, comprising a 5 2? m m Qf ^ ^ ^ for 

computer having a memory and a processor, an initial . . / . . . , , , _ . . . . , 

, . ... . - • . * j * *. 1 c selecting and applying window and best fit criteria include 

texture tile containing an unrotated texture, and means for . to , 

using the memory and the processor to produce from the choosing and applying a minimum-locating metric to corn- 
initial texture tile another tile which is a rotated texture tile P are current V mis ^ reference pixels, 
in that it contains the texture in a rotated form capable of 10 28. A computer-readable storage medium having a con- 
being seamlessly tiled. figuration that represents data and instructions which cause 

21. The system of claim 20, wherein the means for a computer system to perform the texture manipulation steps 
producing the rotated texture tile includes means for pro- of claim 1. 

ducing at least a necessary portion of a rotated supertile. 2 9. The storage medium of claim 28, wherein the medium 

22. The system of claim 21, wherein the means for 15 is configured to perform the steps of claim 5. 
producing the rotated texture tile includes means for select- 3Q ^ s mcdium of daim 28 whcrein ^ medium 

ing periods along axes of the rotated supertile. - , 4 . . , , . n 

tl * ri*-iiL *i_ r is configured to perform the steps of claim 8. 

23. The system oi claim 22, wherein the means for ° r r 

selecting periods includes means for adjusting the rotated 31. A computer-readable storage medium having a con- 

supertile. 20 fig 11 ^ 00 that represents data and instructions which cause 

24. The system of claim 22, wherein the means for a computer system to perform the texture manipulation steps 
selecting periods includes means for selecting and applying °f claim 9. 

window and best fit criteria. 32. The storage medium of claim 31, wherein the medium 

25. The system of claim 24, wherein the means for is configured to perform the steps of claim 14. 
selecting periods further includes means for adjusting and 25 

reapplying the window and best fit criteria. * * * * + 
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